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INTRODUCTION 

Children with attention deficit and hyper- 
activity disorder (ADHD) suffer from a 
variety of emotional and social difficul- 
ties including high levels of depression, 
anxiety, poor regulation, other executive 
malfunctions, and lack of satisfying social 
experiences (Bird et al, 1993; Greene 
et al, 2001; Gillberg et al, 2004; Barkley, 
2006; Klimkeit et al, 2006; Daviss, 2008; 
Elia et al, 2008; McQuade and Hoza, 
2008; Anastopoulos et al., 2011; Larson 
et al., 2011). Pharmaceutical treatment of 
ADHD may be effective for ameliorating 
the manifestations of ADHD but there 
may also be a need for supplementary 
psychotherapeutic interventions (Chronis 
etal, 2006). 

Engendering hope is an ancillary sup- 
portive therapy that can provide individu- 
als with ADHD the positive coping skills 
and appropriate psychic framework for 
handling the challenges that they confront. 
Hope, in this context, is a psychologi- 
cal construct that relates to the ability of 
individuals to set themselves meaningful 
goals, to find channels to reach these goals, 
and to consistently work toward achieving 
these goals (Snyder et al, 1991). 

A potential tool for instilling hope 
in patients with ADHD is virtual real- 
ity (VR) (Riva, 2005). VR is an advanced 
form of human-computer interface that 
allows the user to interact with, and 
feel present within a computer gener- 
ated environment. Similar to Descartes' 
deceiving god but with nobler intentions, 
researchers are utilizing models of immer- 
sive virtual therapy that enable individuals 
with physical/mental challenges such as 



chronic pain to set meaningful goals and 
visualize alternative realities where their 
pain or disability is minimized (Magora 
et al., 2006). For example, Hoffman et al. 
(2011) have presented VR systems that 
facilitate distraction thereby reducing per- 
ceived pain in individuals undergoing 
painful medical procedures such as non- 
pharmacologic analgesic for acute burn 
pain (Hoffman et al., 2011). In addition, 
we have recently introduced a combined 
VR-biofeedback system that allows indi- 
viduals with chronic headache to learn 
to reduce their physiological arousal, fol- 
lowing which, they can their view virtual 
image as headache free (Shiri et al., 2012a). 
Utilizing VR for generating hope in ADHD 
children whom have significant difficulties 
in creating and holding images is espe- 
cially challenging as it based on forming a 
durable interface with computer-based VR 
programs. 

Recently, we have utilized a self-face 
recognition paradigm to enhance the 
verisimilitude of a VR-generated substi- 
tuted reality (Shiri et al, 2012a, 2013). 
Self-face recognition programs have been 
successfully utilized for post-stroke dis- 
ability and pain reduction. Self-face 
recognition creates a unique cerebral activ- 
ity pattern which does not occur even 
when significant others, such as fam- 
ily members are recognized. Viewing 
a smile has the potential of activating 
brain structures that are related to reward 
and positive emotions. Positive emo- 
tions may enhance creative thinking and 
improve cognitive processes, necessary for 
effective coping with various challenges 
(Muehlberger et al, 2011). Although 



specific relationships between activation 
of reward structures and positive emotions 
need to be examined utilizing brain imag- 
ing techniques, a recent study suggested 
that static pictures of emotional facial 
expressions activate brain structures that 
are involved in the processing of emotional 
stimuli (Johnson et al, 2010). Similarly, a 
sequence of emotional facial expressions 
changes occur, different brain networks 
are involved. For example, it was found 
that the onset of happy and the offset of 
angry expressions induced significant acti- 
vation in the left dorsal striatum (Johnson 
et al., 2010). These findings would suggest 
that the VR paradigm may be useful for 
children with ADHD as the interaction of 
salient brain activity created by self-face 
recognition together with the activation of 
reward brain centers produce a platform 
that is both cerebrally robust and emo- 
tionally positive for self-confidence and 
growth. 

THEORETICAL BACKGROUND 

While the neurocognitive aspects of 
ADHD have been studied intensely, the 
secondary emotional, behavioral, and 
social co-morbid aspects of ADHD are 
less-well understood. These difficulties 
include of depression, anxiety, and social 
adaptation difficulties (Bird et al., 1993; 
Greene et al, 2001; Gillberg et al., 2004; 
Barkley, 2006; Klimkeit et al, 2006; Elia 
et al, 2008; McQuade and Hoza, 2008; 
Anastopoulos et al., 2011) which can have 
both short and long-term ramifications. 
Current interventions for emotional and 
behavioral symptoms associated with 
ADHD include pharmacotherapy and 
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psychotherapy. Psychodynamic (Gilmore, 
2000, 2002; Conway, 2012) and cognitive 
behavioral therapy (Safren et al, 2010; 
Antshel et al, 2011, 2012) are two types 
of psychotherapeutic approaches that have 
been utilized for ADHD and shown to be 
beneficial. The drawback of psychotherapy 
is that it is expensive, not always available, 
and may be challenging in the setting of 
ADHD in which children have difficulty 
in focusing. There is a need for novel 
approaches toward treating the secondary, 
but often devastating manifestations of 
ADHD. Here we suggest a cost-effective 
and immediately accessible therapeu- 
tic paradigm that utilizes VR to create 
hope in the form of vivid therapeutic and 
optimistic self images. 

Hope is defined in terms of agency 
and pathways (Snyder et al, 1991). Agency 
relates to the motivational components 
necessary for consistent and sustained 
efforts that are requisite for achieving 
goals. Pathways refer to the perceived 
methods for achieving established goals. 
Hope has been shown to be a significant 
factor in coping with various difficult or 
challenging situations. For example, high 
levels of hope predict better academic per- 
formance (Rand, 2009) and self-efficacy 
(Davidson et al., 2012). In a recent work 
(Shiri et al., 2012b), we have found that 
hope is associated with improved men- 
tal and physical health parameters among 
individuals with post-polio syndrome who 
are generally in poor physical and men- 
tal health due to the residual effects of 
polio. While little can be done to change 
the physical limitations associated with the 
post-polio syndrome, those with higher 
levels of hope perceived themselves to be 
healthier and have a greater quality of life. 

In light of these findings, we plan to 
examine the effect of elevating levels of 
hope among children with ADHD as a 
method for improving their coping skills 
as assessed in specific emotional, behav- 
ioral, and social domains. Setting mean- 
ingful goals, finding ways to reach these 
goals and achieving the necessary moti- 
vation are processes that by themselves 
are rewarding and increase the chance of 
attaining set upon goals. 

Instilling hope has been traditionally 
achieved through psychotherapy and spe- 
cific goal setting as part of cognitive behav- 
ioral therapy. A main element of this 



therapeutic approach is to provide acces- 
sible pathways for achieving the goals 
and providing the appropriate motivation 
that encourages patients to strive toward 
accomplishing set upon goals. Similarly, 
VR is a technique which allows users to 
visualize goals in a vivid and sharp man- 
ner. The verisimilitude inherent in VR 
allows for viewing specific goals as though 
they were real. This is particularly impor- 
tant for children with ADHD, given the 
difficulties these children often experience 
in imaging, which is a necessary prerequi- 
site for increasing hope (Abraham et al., 
2006). 

Regarding the ability to visualize goals, 
VR can compensate for the limited abil- 
ity of humans to imagine and keep desired 
images actively. A continuous re-activation 
of the visual representations is required 
to keep the image within visual memory 
(Kosslyn et al, 2006). Visualizing goals 
is particularly difficult and often impos- 
sible for individuals with a wide range 
of chronic limitations including ADHD 
(Abraham et al., 2006). VR can compen- 
sate for these limitations by providing the 
desired scenes through the use of spe- 
cially constructed software programs. The 
sense of presence (the sense of "being 
there") is efficiently achieved by VR, and 
thereby serves as a potent replacement to 
guided imagery by providing expressive 
optimistic images even to individuals with 
difficulty to follow imagery suggestions 
(Riva, 2003). 

ADHD is diagnosed mainly at a young 
age, and most of the patients are children 
and adolescents. Such computerized tech- 
nologies are particularly appealing to this 
age group which in turn increases their 
enthusiasm and adherence to treatment. 

PRELIMINARY STUDIES 

In previous work related to stroke reha- 
bilitation (Hoffman et al, 2011) and cop- 
ing with chronic headache in children 
(Shiri et al., 2012a), we adopted a self- 
face recognition VR paradigm. The per- 
spective embodied in this paradigm is 
different from other VR systems which 
provide a first person (egocentric) per- 
spective. This paradigm was implemented 
in light of recent neuropsychological find- 
ings suggesting that self-face recognition 
is faster and more accurate than recogni- 
tion of strange faces or even highly familiar 



faces and is characterized by unique bilat- 
eral activity (Keyes and Brady, 2010). It 
has been suggested that self-face recogni- 
tion creates a unique activation of lim- 
bic structures in the right hemisphere in 
conjunction with left-sided associative and 
executive regions and that that produces 
a significant experience of self-awareness 
(Kircher et al., 2001). 

In a pilot study of post-stroke patients, 
we tested the feasibility and efficacy of 
a novel motion capture VR system that 
allows for integrated self-face viewing 
and mirror visual feedback. This poten- 
tial rehabilitation tool was tested on 6 
post-stroke patients with paretic upper 
limbs. The system via the novel inter- 
face between the patient and the VR 
system allowed for the replacement of 
the impaired arm by a virtual arm. 
Upon making small movements of the 
paretic arm, patients viewed themselves 
virtually performing healthy full-range 
movements. Each patient received 10 ses- 
sions of treatment. During the dura- 
tion of the therapeutic intervention, all 
participants succeeded in learning how 
to operate the system. Subject perfor- 
mance within the virtual environment 
and a set of clinical-functional measures 
recorded before the VR treatment, at 1 
week and after 3 months indicated neu- 
rological status and general functioning 
improvement as shown by a variety of 
parameters (Hoffman et al, 2011). For 
example, patients were assessed as to 
their ability to pick up a fruit, and all 
6 improved. Objective measurements of 
function also showed before and after 
intervention (Table 1). Although there 
was no control group and the numbers 
were small, the findings were sufficiently 
encouraging for our group to proceed with 
a second study. 

In the subsequent study of pediatric 
headache (migraine and tension), ten chil- 
dren participated in a single arm prospec- 
tive study to determine the efficacy of 
a combined intervention consisting of 
biofeedback based techniques of relaxation 
coupled to a VR system. The VR algo- 
rithm was designed so patients were led 
by their virtual self from a painful state 
to a relaxed pain free state. Biofeedback 
was based on a reduction of galvanic skin 
response which is a measure of relaxation. 
The subjects underwent 10 sessions, and at 
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the end, several outcomes were measured 
including measurements of pain, quality 
of life, and a survey related to the efficacy 
of the intervention (Shiri et al, 2012a). 
Selected parameters are shown in Table 
2. Subjects felt that the intervention was 
helpful and most would recommend the 
treatment to others. Quality of life and 
perceived severity of headache measured 
before and after the intervention were sig- 
nificantly improved, and perceived limita- 
tions on activity related to headache pain 
was also mitigated (close to statistical sig- 
nificance). 

CONCLUSION 

Based on the preliminary results from 
these pilot studies, we suggest that imple- 
menting a self-face viewing paradigm 
may be particularly effective in draw- 
ing patients' attention and in generating 
sound neural processing of the virtual 
scenery, especially neural networks within 
the mirror neuron system (Uddin et al., 
2005). Both the subjective improvement in 
hand function among stroke patients and 
the reduction of pain in chronic headache 
suggest that VR could have a role in instill- 
ing hope in individuals with ADHD and 
facilitate behavioral changes. 

The virtual classroom used for evalua- 
tion and treatment of ADHD is a familiar 
and well studied model used to examine 
various neuropsychological abilities in an 
environment that simulates a real class- 
room (Rizzo et al., 2006). In the paradigm 
that is being developed, we propose that 
children with ADHD view themselves as 
achievers of significant, yet realistic goals. 
Measureable outcomes of this paradigm 
will be increasing levels of motivation and 
self-efficacy as assessed in various learning, 
behavioral, and social settings. Examples 
of third person VR that can be employed 
include programs for children who are 
easily distracted in the classroom setting. 
These children can view themselves sit- 
ting and focusing on specific tasks assigned 
by the teacher. Children who are disrup- 
tive and have explosive behavior at home 
can view themselves as sitting and doing 
homework in an orderly and structured 
manner. The challenge in developing spe- 
cific VR programs is to identify behaviors 
that are amenable to modification and are 
within the capabilities of the children with 
ADHD. 



In future studies we would like to exam- 
ine the utility of a VR-based intervention 
to enhance the self-image of children and 
adolescents with ADHD. Picturing one- 
self performing a desired behavior from 
a third-person perspective has the poten- 
tial of causing individuals to adopt atti- 
tudes that are concordant and harmonious 
with the content drawn in the pictures 
(Libby et al., 2007). This in turn pro- 
vides the subjects with hope that they can 
achieve specific goals and this enhances 
self-confidence and motivation. Positive 
emotions produced by viewing a human 
smile induce a reduction in physiologi- 
cal and psychological stress as shown by 
Kraft et al. (Kraft and Pressman, 2012), 
who showed that smiling participants had 
lower heart rates during stress recovery 
as compared to controls. Higher levels 
of positive emotions are associated with 
greater engagement with the coping pro- 
cess, and individuals are more likely to 
think through their behavioral options 
before acting (Tugade et al., 2004). 

In conclusion, elevating hope among 
children with ADHD utilizing a self- face 
recognition paradigm specifically designed 
for the needs of children with ADHD has 
the potential for providing an emotion- 
ally positive experience that is therapeu- 
tically beneficial in treating the cognitive 
impairments. 

SUPPLEMENTARY MATERIAL 

The Supplementary Material for 
this article can be found online at: 
http://www.frontiersin.org/journal/10.338 
9/fnhum.2014.00198/abstract 
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